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t. Su,-rvatilty' of the -Shbuttle and other spacecraft: review v'L r.eab= .
asses,.err:s -. r.'est pessible survivati.ity enkanc-.ent solutions.

c. r;Ission 4 ?erfcrmrzce: examine Shuttle rmdlificaticns proposed to achieve
the desired ;erfor arce of ZoDs "Mission L.

d. Launch Facilities, Procedures: review and co are ;ians for launch fa-
cilities ara p rcedures ror handling the Shuttle and payloads at
Vandenberg Air Force Base (VAFB) and the NASA Kennedy S;ace Center (K'C).

e. Eaload tnegration: review aid critique plans for conducting a yi-
cal integrtlon or payd with the Shuttle.

f. Envifrzrental Satellites: comaare military and civil plans for
meteorological aM oceanographic satellites to Identify opportunities
and difficulties In combining future progams.

The salient observations on each of the above topics fron the study were the
following:

a. . A significant contributor (up to 40 percent according to LW and NASA
estimates) to the cost of launching experimental payloads In the sortie
mode is the analytical verification of compatibility ("Integrsaton")
of the experiment with the Shuttle; the Integration cost mya be reduced
by the Air Force by treir proposed "class cargo" generalized integra-
tion analysis that, once done in detail, may riot have to be repeated
in such costly detail.
Choice of support structure for experiments will be made on the basis
of camactness and light weight (for a given experimental weight)
rather than on intrinsic cost, to minmize lazc costa as couted
by the NASA volume and weight formilas.
The preparations for the first STP sortie flight are rurning on a much
tighter schedule than the equivalent HASA preparations for the first
Spacelab flight in the same time period. SIP should be encouraged to
continue to. investigate ways to reduce the schedule disparity by maing
use of NASA experimnce and hardare.

b. A Space Divisi n-funded Rockwmll study of survivability had not been
released by the Air Force durn-g PT 1979 to allow an =A review for inclu-
sion in this paper. No substantive effrt wu expwe ded On thi subtask
this year.

c. e performunce of the Shuttle will initiaLly be inadequate to accmlish
the mLlitary isu3on 4. When weight-reduction efforts have been com-
plated, two propulsion developnts will be necessary to give the desired
p=T=rfc: (1) modifying the rain engines for 109 percent thu t aid
(2) adding auxiliary boosters. A modified N.Ussion 4., reduced in an-dys
on orbit rather than in payload, could be accomlished with either.
NAA's plan for i fying the engines indicate qualificatnby the end
Of C! 1980; rlaMs for liquid booster odules are cn-going un they could
be available before the first Masian 4 flight if required.

d. Estimated required hecdcout tUms of military payloads exceed allowable
pad occupancy ti at KUC; modiflcation of the Solid Motor Asseew y
Bulding, Incorporating a facility for off-line payload-procsing,
appears to be the best solution.

a. The cost of analytical integation procedurs for an oprtOnal, MUM.oAes
satGet is estinted by the Air Force to be as mna as 28 percent of the
deIver Cost. Cost savings are possible thjugh reducing overlap in the
overseeing orUd=atIcn md reducing requIzrint fcr detail In anles.

f. cclPleOt c=Verg of post-1985 iltary and civil envimrtal satel-
lites 8a to be feasible, with a potential DA-estImted cost savings
of ftrn five to fifteen percent.
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ABSTRACT

The purpose of this study was to assist the DoD by iden-
tifying, and suggesting possible means of resolution of, issues

in the following areas of interest regarding military use of
the Shuttle:

a. Space Test Program (STP) experiments in the sortie

mode: review and examine supporting hardware

characteristics and scheduling constraints.

b. Survivability of the Shuttle and other spacecraft:

review vulnerability assessments to suggest possible

survivability enhancement solutions.

c. Mission 4 Performance: examine Shuttle modifications

proposed to achieve the desired performance of DoD's

Mission 4.

d. Launch Facilities, Procedures: review and compare

plans for launch facilities and procedures for

handling the Shuttle and payloads at Vandenberg Air
Force Base (VAFB) and the NASA Kennedy Space Center

(KSC).

e. Payload Integration: review and critique plans for

conducting analytical integration of payloads with

the Shuttle.

f. Environmental Satellites: compare military and civil
plans for meteorological and oceanographic satellites

to identify opportunities and difficulties in com-

bining future programs.
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The salient observations on each of the above topics from

the study were the following:

a. * A significant contributor (up to 40 percent ac-

cording to USAF and NASA estimates) to the cost

of launching experimental payloads in the sortie

mode is the analytical verification of compati-

bility ("integration") of the experiment with the

Shuttle; the integration cost may be reduced by

the Air Force by their proposed "class cargo"

generalized integration analysis that, once done

in detail, may not have to be repeated in such

costly detail.

* Choice of support structure for experiments will

be made on the basis of compactness and light

weight (for a given experimental weight) rather

than on intrinsic cost, to minimize launch costs

as computed by the NASA volume and weight formulas.

• The preparations for the first STP sortie flight

are running on a much tighter schedule than the

equivalent NASA preparations for the first Spacelab

flight in the same time period. STP should be

encouraged to continue to investigate ways to re-

duce the schedule disparity by making use of NASA

experience and hardware.

b. A Space Division-funded Rockwell study of surviv-

ability had not been released by the Air Force during

FY 1979 to allow an IDA review for inclusion in this

paper. No substantive effort was expended on this

subtask this year.

c. The performance of the Shuttle will initially be

inadequate to accomplish the military Mission 4.

When weight-reduction efforts have been completed,

two propulsion developments will be necessary to give

the desired performance: (1) modifying the main

iv



engines for 109 percent thrust and (2) adding auxil-

iary boosters. A modified Mission 4, reduced in

man-days on orbit rather than in payload, could be

accomplished with either. NASA's plans for modifying

the engines indicate qualification by the end of

CY 1980; plans for liquid booster modules are on-going

and they could be available before the first Mission

4 flight if required.

d. Estimated required checkout times of military pay-

loads exceed allowable pad occupancy times at KSC;

modification of the Solid Motor Assembly Building,

incorporating a facility for off-line payload-

*processing, appears to be the best solution.

e. The cost of analytical integration procedures for an

operational, autonomous satellite is estimated by

the Air Force to be as much as 28 percent of the

delivery cost. Cost savings are possible through

reducing overlap in the overseeing organizations

and reducing requirements for detail in analyses.

f. Complete convergence of post-1985 military and civil

j environmental satellites appears to be feasible, with

a potential IDA-estimated cost savings of from five

to fifteen percent.
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EXECUTIVE SUMMARY

This study* continues several earlier IDA studies and

analyses examining DoD issues concerning the Space Shuttle pro-

gram and use of the Space Shuttle vehicle. The objective of

this study was to assist the DoD by identifying, and suggesting

possible means of resolution of, issues in particular areas of

interest specified by DoD regarding military use of the Shuttle.

The specified areas of interest for FY 1979 are the following

(paraphrased from the Task Order):

a. Space Test Program (STP) experiments in the sortie

mode: review and examine supporting hardware charac-

teristics and scheduling constraints.

b. Survivability of the Shuttie and other spacecraft:

review vulnerability assessments to suggest possible

survivability enhancement solutions.

c. Mission 4 Performance: examine Shuttle modifications

proposed to achieve the desired performance of DoD's

Mission 4.

d. Launch Facilities, Procedures: review and compare

plans for launch facilities and procedures for handling

the Shuttle and payloads at Vandenberg Air Force Base

(VAFB) and the NASA Kennedy Space Center (KSC).

e. Payload Integration: review and critique plans for

conducting analytical integration of payloads with the

Shuttle.

Performed for the Office of the Director (Offensive and Space
Systems), OUSDR&E, involving twelve man-months of effort.
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f. Environmental Satellites: compare military and civil

plans for meteorological and oceanographic satellites

to identify opportunities and difficulties in com-

bining future programs.

Because of the broad scope of these issues and the rela-

tively small level of effort authorized, the studies were con-

ducted as overviews of the DoD concerns without examining

individual areas in detail. Reliance was made on available

relevant systems studies, other reference information, and indi-

vidual discussions with appropriate program personnel at the

USAF Space Division,.NASA Headquarters, Vandenberg Air Force

Base, Kennedy Space Center. Marshall Space Flight Center,

Johnson Space Center, Analytic Services Inc.(ANSER), Head-

quarters USAF, and NOAA. With the exception of the flight-rate

analysis (p. 49) and cost estimates for the METSATs (p. 75), no

independent IDA analyses were performed.

The salient observations on each of the subtask topics from

this study are as follows:

A. SPACE TEST PROGRAM EXPERIMENTS

An illustration of the potential ultimate involvement of

man in experiments in the sortie mode is shown in the cutaway

illustration of the Shuttle and a Spacelab assembly in Fig. S-1.

The Spacelab pressurized compartment, pallets (cradles) and

experiments, and personnel engaged in a broad spectrum of ac-

tivities are shown. Initial plans for the Air Force STP sortie

experiments involve cradles only and two to four mission/payload

specialists operating experiments from the aft flight deck.

The STP sortie experiments would use reusable, general-

purpose Sortie Support Equipment (SSE) mounted in the orbiter

rather than an expendable free-flying spacecraft bus to support

experimental apparatus. According to the USAF, the accompanying

reduction in integration and flight costs would be from an

viii

.. .. .- .- --------------- --



t

p FIGURE S-1. Cutaway View of Shuttle with Spacelab Hardware.
(Courtesy Rockwell International.)
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estimated $50M* for a free-flyer to about $15M* for each of the

two sortie flights expected to be required to give the same data

yield as the free-flyer. The $15M* includes about $60M* for

experiment int_gration (consistent with NASA estimated costs).

This latter significant cost element may be reduced by the Air

Force by their proposed "class cargo" generalized integration

analysis that, once done in detail, may not have to be repeated

in such costly detail.

Structural support of experiments in the cargo bay is en-

visioned to be supplied by a general-purpose cradle. Options

include the GE Standard Test Rack, the Spacelab Pallet (and

derivatives), and cradles designed for the Inertial Upper Stage,

the Multimission Modular Spacecraft and the Spinning Solid Upper

Stage. Choice from these will most likely be made on the basis

of Zeast weight or volume to support a particular experiment
array rather than on intrinsic cost; all satisfy minimum crite-

ria for structural adequacy.

The lead time for preparation for the first STP sortie

flight planned at this time for late FY 1982 includes astronaut

selection and training, and selection and acquisition of the

principal support equipment: the cradle, the pointing system,

and the controls and displays for manned interaction. Compari-

son of STP plans with NASA plans for the analogous NASA sortie

mission, Spacelab-2 in Fall 1982, indicates that STP is running

on a much tighter schedule; NASA has already chosen its payload

specialist candidates and is constructing a training facility

for introduction in early 1980, while STP has not done either

of these. STP should be encouraged to continue to investigate

ways to reduce the schedule disparity by making use of NASA ex-

perience and available hardware such as the NASA training fa-

cility, the Spacelab Pallet, and the Spacelab pointing system.

STP plans to release an RFP early in 1980 to define their re-

quirements for Sortie Support Equipment.

See page 22.
x



B. SURVIVABILITY

The FY 1979 activity in analysis of survivability of the

Space Transportation System has been confined to a Space Divi-

sion-funded Rockwell study that was to be released by the Air

Force later this fall. The conclusions were not available for

IDA review, so no effort could be expended in this area in this

paper. The Rockwell analysis considered system vulnerabilities

in ground support, communications, and flight operations. Po-

tential problem areas, consequences of the problems, and possi-

ble options for resolution were identified. A much larger

follow-on study by TRW is planned.

C. MISSION 4 PERFORMANCE

The performance of the Shuttle initially will be inadequate

to accomplish the military Mission 4. When on-going weight-

reduction efforts are completed, two propulsion developments

will be necessary to give the desired performance, (1) full

power (109% thrust) operation of the main engines and (2) adding

auxiliary booster modules, composed of a Titan Stage 1 liquid

rocket engine and partial tanks, to the base of the External

Tank. While either of these alone could allow accomplishment

of a modified Mission 4, not reduced in delivered payload but

reduced in man-days on orbit and recovery capability, both are

required to accomplish the agreed-on mission. NASA has plans

to complete the main engine qualification to 109 percent thrust

by the end of CY 1980, barring unforeseen problems. Plans for

the liquid booster modules (LBMs) are being firmed up and ini-

tial funding will be requested in FY 1981 so that the LBMs

should be available before the first Mission 4 flight.

0. LAUNCH FACILITIES, PROCEDURES

The Shuttle Launch Sites at VAFB and KSC will utilize sig-

nificantly different payload handling procedures. At VAFB,

xi



payloads are to be assembled and checked out in Payload Prepara-

tion Rooms at the pad, while military payloads at KSC are to be

delivered complete and largely checked out according to the

Air Force "factory-to-pad" concept, with minimal final checkout

at the pad. However, a polling of the principal military sat-

ellite program offices indicates that estimated required final

checkout times exceed pad occupancy times allowed in pad-turn-

around timeZines consistent with desired flight rates. IDA

calculations of flight rates from projected check-out time re-

quirements indicate that the allowable check-out time with the

currently planned work week for the desired KSC 40 flights/year

would be only 99 hours, versus program office estimates of

92-350 hours. To accommodate these payloads without compro-

mising the flight rate, either an off-line payload-processing

facility or an increase in work week is needed. It is con-

cluded in this paper that a modification of the Solid Motor

Assembly Building, incorporating a facility for off-line pay-

load assembly and checkout, should have significant advantages

both in operations and costs (see p. 54).

E. PAYLOAD INTEGRATION

The analytical integration procedure to assure compati-

bility of payloads with the Shuttle and upper stages is a com-

plex process involving as many as four organizations, several

years, and as much as 28 percent (AF-estimated) of the delivery

cost of a typical payload. Accurate estimates of payload inte-

gration costs will be available only when specific payloads are

considered. IDA review of AF estimates (p. 57) indicate that

integration cost savings are possible in reducing overlap of

the overseeing organizations, in reducing requirements for de-

tail in analyses of such areas as loads, vibration, thermal

stress and contamination, and in identifying some optional ser-

vices as included in the NASA standard launch price.

xii



F. ENVIRONMENTAL SATELLITES

Complete convergence of miZitary and civiZ environmenta4-

sateZite spacecraft, sensors, and orbits for a joint DoD/NOAA

METSAT system for use in the 1985-and-beyond time period appears

to be technicaZZy feasible. An IDA preliminary estimate (p. 75)

of development, procurement and operations costs indicates a po-

tential savings of 5 to 15 percent for a ten-year program with

a three-satellite system. Sensor and orbital requirements for

oceanographic satellites (NOSS) are sufficiently different from

polar-orbiting METSATs that it does not appear efficient to con-

verge the NOSS mission into future DMSP Block 6/NOAA-85 METSATs.

Further convergence with remote-sensing LANDSAT functions could

lead to an excessively heavy spacecraft and could compromise DoD

needs for special meteorological data. A proposed additional

LIDAR wind sensor of questionable need would double total sensor

weight and triple the power requirement.

xiii
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I. INTRODUCTION

This study continues the examination of issues regarding

the use of the Space Transportation System by the DoD as re-

ported in previous IDA studies (IDA, 1977 and IDA, 1978). New

issues examined include (1) a brief review of the proposed use

of the Space Shuttle as a manned laboratory in space for the

conduct of Space Test Program (STP) Experiments and (2) exami-

nation of the opportunities and difficulties in combining the

functions of weather and oceanographic satellites, including

the possibility of common hardware usage by both military and

civil users. Some previous issues have been reexamined in the

light of progress made in their resolution; still others have

been introduced because of continuing concerns about Shuttle

performance and survivability. In particular, the following

issues are those specified in the task order:

a. Space Test Program (STP) Experiments. These experi-

ments are planned to utilize the Shuttle in the

sortie mode. For this program, review the status of

requirements definition and integration. Examine

the adequacy of the Standard Test Rack, Spacelab

pallet, or other options for providing support to

the sortie experiments. Examine factors influencinF

the recycle time for an experiment (from flight to

reflight) and the lead time for integration that would

impact the desired first flight date in FY 1982.

b. Survivability. Conduct a review of the issues re-

garding survivability of the Space Shuttle and other

spacecraft and steps being taken to resolve them.

I
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Identify significant areas of vulnerability and

suggest practical solutions for their reduction.

This effort should include review of any DoD,

Services and industry studies of vulnerability and

proposals for enhancing survivability.

c. Mission 4 Performance. Identify possible constraints

on Shuttle payload-carrying performance for Mission 4.

Examine proposed Shuttle modifications for improving

performance.

d. Launch Facilities, Procedures. Review facility plans

and planned launch procedures for the Vandenberg Air

Force Base (VAFB) Shuttle launch site and those of

the NASA Kennedy Space Center (KSC) to identify possi-

ble commonalities and redundancies. Examine time-

lines for checkout of payloads at KSC utilizing the

USAF factory-to-pad concept in comparison with check-

out procedures at VAFB requiring three Payload Prepa-

ration Rooms.

e. Payload Integration. Briefly review plans for pay-

load integration procedures from the different organi-

zations (NASA, USAF, contractors) with regard to

possible overlaps, redundancies, and excess conser-

vatism to discover any potential areas of cost re-

duction.

f. Environmental Satellites. Review commonalities and

irrevocable differences, if any, in instruments and

orbits between DMSP and TIROS, and between DMSP and

the planned NOSS. Perform an independent review of

the stated opportunities and difficulties in combining

weather and oceanographic satellites.

Because of the broad scope of these issues and the rela-

tively small level of effort authorized, the studies were con-

ducted as overviews of the DoD concerns without examining indi? 4

vidual areas in detail. Reliance was made on available relevant

2
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systems studies, other reference information, and individual

discussions with appropriate program personnel at the USAF Space

Division, NASA Headquarters, Vandenburg Air Force Base, Kennedy

Space Center, Marshall Space Flight Center, Johnson Space Center,

Analytic Services Inc. (ANSER), Headquarters USAF and NOAA.

With the exception of the flight-rate analysis (p.49) and cost

estimates for the METSATs (P.75), no independent IDA analyses

were performed.
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II. SPACE TEST PROCRAM

On a sortie mission the experimental equipment remains in

the Shuttle cargo bay and is operated either by automatic con-

trol or by an astronaut (mission or payload specialist) during

the time the Shuttle is in orbit. Significant progress has been

made in orienting the STP program to utilize the Shuttle (Aero-

space, 1978 and AF/RDSL, 1978).

Table 1 depicts a proposed program of seven STP flights

showing the principal cost elements anticipated. Each flight

contains from three to six experiments and is planned to accom-

pany a primary DoD payload (such as a DMSP satellite, for exam-

ple) utilizing whatever space and weight margins are available

after the primary payload requirements are satisfied. In this

way substantial reductions in program costs are achieved, as

the launch costs are absorbed by the prime program. The cost

elements in Table 1 are preliminary and undocumented estimations,

but serve to illustrate the nature of the effort required to

fly a sortie mission. The largest cost element is experiment

integration. Experiment integration, as discussed in IDA, 1977

and later in this paper, is a complex analytical compatibility-

verification activity involving several organizations and tech-

nical disciplines and may extend over a period of several years.

The $5-6M costs assigned to this element seem reasonable on the

basis of previous and current experience. For example, NASA's

Spacelab 2 program, which is a sortie mission consisting of an

assembly of nine experiments mounted on several pallets on the

Shuttle cargo bay (Fig. 1) in the manner envisioned for the STP

program, anticipates payload integration costs of the same order

as shown in Table 1.
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TABLE 1. EARLY PROPOSED STP PROGRAM MISSION BREAKDOWN ($M 1978)
SOURCE: AF/RDSL, 1978

COST ELEMENTS BMD-1 BOM-2 %OLD-1 j OLD-2 H!ISE-I HIQISE-2 LASS I I

STS INTEGRATION 2.0 2.0 2.0 2.0 2.0 2.0 2.0

SPECIAL REQUIREMENTS 1.0 1.0 1.0 1.0 1. 1.0 1.0

SEVEN DAYS ON-ORBIT 2.0 2.0 2.0* 2.0 2.n 2.0 2.n

ASTRONAUT TRAINING 1.0 1.0 1.0 1.0 1.0 1.0 l.n

EXPERIMENT INTEGRATION 6.0 5.0 6.0 5.0 6.0 6.0 .n

ON-ORBIT SUPPORT 1.0 1.0 1.0 1.0 1.0 1.0 1.0

CSE REFURBISHMENT 0.5 1.0 1.0 1.5 0.5 2.0 2.n

TOTAL 13.5 14.0 14.0 13.5 13.5 15. 0 15.)

*Probably will require 14 days on orbit at $3M more.

For repeated flights, integration costs are expected to be

only from 20 to 40 percent of the first-time cost. A "class

cargo" analysis concept (AF/RDSL, 1978), if it meets expecta-

tions, would preclude the need for requalification tests, as

repeated integration verification analyses for each flight

qualification acceptance would be verified via analytical sub-

jection to the flight-envelope conditions. A cost-related bene-

fit derived from this concept is the reduction in time required

for analysis and testing. It is estimated (AF/RDSL, 1978)

that the lead time required to prepare a STP flight could be

shortened by at least a year after the "class cargo" analysis

is available.

Another controversial cost element is astronaut training.

In this case the term "astronaut" should be interpreted as a

"mission or payload specialist" and could apply to as many as

four crew members. For Spacelab 2 (Fig. 1), NASA is training

6
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two prime payload specialists and two backups, as well as two

mission specialists. A review of the NASA training activity

and schedule for Spacelab 2 reveals total training costs ap-

proaching those tabulated in Table 1.

The bottom cost element listed in Table 1 pertains to the

refurbishment of the Common Support Equipment (CSE), now called

Sortie Support Equipment (SSE), needed for all STP missions.

Plans and ideas for the development of the necessary CSE to ex-

ploit the Shuttle -'or the manned sortie mode are discussed in

detail in Aerospace, 1978, AF/RDSL, 1978 and also ANSER, 1979.

A major milestone was achieved on June 1, 1979 with the issuance

of a draft Request for Proposal (RFP).to interested contractors,

DoD sponsors, and Experimenters (SD, 1979).

The draft Request for Proposal is comprehensive and de-

scribes in detail the hardware and software requirements for

the sortie mode of Shuttle operations for the STP Program. The

general performance characteristics for the Sortie Support

Equipment are summarized there as follows:

The SSE shall perform the functions re-
quired for support of experiments by providing
mounting structures and attachments, electrical
power, communications and data handling, orien-
tation and pointing control, thermal control,
manned operations control, and software. The
SSE shall perform these functions in conjunc-
tion with the Orbiter, astronauts, and ground
facilities.

A challenge to potential contractors is to identify and

adapt various types of hardware currently under development

(e.g., components of Spacelab) rather than to undertake new

developments. This utilization of hardware available from

funded programs could require the allowance of hardware not

constructed in compliance with military specifications. The

draft RFP, in its cover letter, anticipates this possibility

of reduced cost through relaxed specifications to allow use of

"off-the-shelf" hardiare. The information generated by this

8
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step in SSE planning is to be used in the preparation of a hard-

ware RFP to be released early in 1980.

Comparative analyses of different candidates for the STP

cradle were made (GE, 1978 and TRW, 1978) for the STP office

in FY 1978. In addition, British Aerospace has conducted a

study of possible production of shortened versions of the Space-

lab pallet, and briefed the results extensively in the U.S. in

November 1978 (BAC,1978). Candidates considered (not all by

any one study) were the following:

1. GE Standard Test Rack (Fig. 2)

2. Spacelab Pallet (Figs. 3 and 4)

a. Half Pallet

b. Quarter Pallet

c. Pallet Frame

3. Inertial Upper Stage Cradle (Fig. 5)

4. Multimission Modular Spacecraft Cradle (Fig. 6).

Other candidates identified during the IDA study are the

PAM-D (Spinning Solid Upper Stage - Delta) cradle (Fig. 7) and

the Messerschmitt-B6lkow-Blohm Modular Payload Support Structure

(MPSS) (Fig. 8) which would be available in one, two, or three

segments.

The IUS Cradle and the MMS Cradle were eliminated early in

the comparative analyses for STP because they were large, heavy,

and too specific in design; they would require extensive modifi-

cations to allow them to act as general-purpose STP cradles.

The Pallet derivatives were not considered in the comparative

analyses because they had not yet been proposed (which they

eventually were by British Aerospace). The principal conclusion

of the comparative analyses of the Standard Test Rack (STR) and

Spacelab Pallet was that a selection by cost would depend more

on the weight and volume of experiments to be carried and the

weight and length capacity of the cargo bay not used by the

primary payload than on the intrinsic development or production

9
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FIGURE 3. Spacelab Pallet Configuration
Source: TRW, 1978
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cost of the cradle. The question was not of adequacy of a can-

didate but of suitability or adaptability to different experi-

mental apparatus. The relative size of some of the cradle can-

didates is given in Table 2.

TABLE 2. SIZE OF STP CRADLE CA IDIDATES

Lenqth, ft Weiaht, lb Load Capacity, lb

Standard Test Rack 4 4000 8000

Spacelab Pallet 10 4000 6600 (w/ialoo)

Igloo 3.6 dia x 8h 1400

Pallet Frame 0.5 400 1800

IUS Cradle 12.2 8000 32,onn

PAM-D Cradle 7 2300 6600

MPSS (1-3 segments) 2.6-7.2 400-770 3600-5840

The principal and most complex subcomponent to be fur-

nished with the cradle by STP for zeneral experimenters is a

pointing system. Two versions are under consideration: the

Dornier Instrument Pointing System 'IPS), from the Sracelat

Pallet (Fig. 3), and a Sperry Annular Suspension Pcintinz Sys-

tem (ASPS), shown in Fig. 9, planned by NASA as an advanced

technology backup to the IPS.

The other major hardware catezory required tc suppcr t STF

sortie experiments in the Shuttle are the controls and disrlay

in the Orbiter aft flight deck for manned interaction with the

experiments. Figure 10 shows an example layout of such controls

and displays (ANSER, 1979).

Considerable emphasis is being given to training require-

ments for the Space Test Program. Requirements are defined in

the draft RFP (SD,1979) for sortie support astronaut training

that consists of three major elements--Astronaut Training

Equipment (ATE), a training facility, and the astronaut and

VO
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support personnel training prczram. The ATE provides the

environments required to train astronauts and ground support

personnel in the skills and procedures necessary to conduct

various sortie flights. It includes an aft flight deck mockup

(Fig. 11), the hardware/software required to simulate the cargo

bay and the aft flight deck equipment, and a training computer

system to execute software. The ATE must also be capable of

interfacing with mission-unique experiment hardware/software

provided by the experimenters or mission-integration contractor.

FIGURE 11. Astronaut Training Equipment
Source: ANSER, 1979

The stated objective of the astronaut training program is

to provide adequate training at minimum cost. Simulator costs

depend on the fidelity required. Contractors are to evaluate

19



each item in the training plan for costs-versus-benefit con-

siderations and to use simple designs, low-cost materials, non-

dedicated computers, and existing software. It will be diffi-

cult to specify the required simulation program for the astro-

naut/experiment interface until a detailed description of the

nature of crew participation is available.

A Spacelab crew training program is currently underway at

NASA's Marshall Spa e Flight Center (MSFC). Many features of

this program are relevant to the STP training program. Two key

issues of the Spacelab flights are important considerations for

the Space Test Program as well, i.e., crew composition and the

training aids required. The central concern regardinx crew

composition is whether a payload specialist is really required.

If the tasks the payload specialist is to perform are indeed
"unique", i.e., requiring knowledge or techniques unique to his

field of specialization, then his presence aboard the Shuttle

may be justified. On the other hand, if demands on his time

are modest and require the performance of relatively routine

tasks such as manipulating switches or monitoring instruments,

then it has been suggested that the mission specialist, who is

a regular member of the crew (and provided for in the Standard

Flight Cost) could perform these functions and save the time

and expense of training and flying a payload specialist. NASA

currently has under review a revision to its document pre-

scribing requirements for Spacelab crew selection that would

make mandatory a determination of the "uniqueness" requirement

for a payload specialist by the user. A parallel situation

exists regarding the selection of mission specialists or pay-

load specialists for the Space Test Program. Monitorinz of

NASA's crew selection and training program on the Spacelab pro-

Ject by the DoD should be fruitful in this regard.

Four payload specialists have been selected and are cur-

rently in training for NASA's Spacelab 2 Mission (Fig. 1).

20
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A summary of the projected training time requirements for each

specialist is contained in Table 3. Shown are the estimated

hours required in the various training activities and the loca-

tions at which they occur. The activities cover the entire

training spectrum from individual instrument familiarization at

the site of the instrument contractor to integrated mission

simulation at the launch site (KSC) and the mission control

center (JSC). The mission training simulator is located at the

Marshall Space Flight Center (MSFC).

TABLE 3. TRAINING REQUIREMENTS SUMMARY (HOURS)

(Courtesy NASA)

INSTRUMENTATION
DEVELOPMENT BRIEFING LAUNCH MSrC TCAININr STS

SITE AREA SITE SIMIILATOR SITE TnTALS

STS SYSTEMS 8-- - 198 206

INDIVIDUAL EXP. 779 --- 352 --- 7737

EXPERIMENTS/COMS ...... ...- 288 288

ORIENTATIONS --- 40 16 --- 56

MISSION PLANNING --- 144 .........- 144

INTEGRATED PAYLOAD --- 248 112 --- 360
OPNS

INTEGRATED MISSION --- 48 48
SIMULATIONS

TOAL77 14 24 400 246 2233

Table 3 indicates that about 18 percent of the training

hours will occur in the MSFC facility for the Spacelab 2 mis-

sions. Training in this facility is especially valuable during

the six months prior to flight, when access to the actual inte-

grated Spacelab equipment will be limited. The MSFC training

21



simulator (Figs. 12 and 13) is being designed and built on a

$650,000 budget, to be on line early in CY 1980. The key fea-

tures of the Payload Specialist Traininw Simulator are the

following: (1) exact mockups of crew controls and displays in
the Spacelab module and the aft flight deck, (2) a computer-

system replication of the Command Data Manaze-ent zystem
(Orbiter data bus), and (3) software models cf the experiment
(sensor) interaction with (data inputs to) te M. data bus

and with the experiment control and display panels. This simu-

lator could be made available to any user (such as T7?), or
could be copied for a cost less than the original $E5%K design

and development cost. The software models of specific STP sen-
sor outputs and control responses could be constructed in con-

sultation with MSFC.

It has been argued (AF/RDSL, 1978) that STP testing via
the sortie-mode operation offers considerable savings in inte-

gration and flight costs over tests using free-flying satel-

lites. On the average, free-flyer satellites are estimated

(op.cit.) to cost $50M. If sortie-flight costs are of the

order of the $15M detailed in Table 1, and if two sortie
flights are required to provide the same data as a free-flyer

(op.cit), equivalent sortie costs are about $30M, plus a pro-

rated fee for the Common Support Equipment (CSE) required
for the sortie flights. It was estimated (op.cit.) that the

cost of the CSE would be paid for in eight sortie flights.

Thereafter, at a rate of two sortie flights per year, estimated

savings (op.cit) over equivalent free-flying satellite missions
would range from $10M to $30M annually, depending on the cost
of the equivalent free-flyer satellite.

The proposed STP program schedule (ANSER, 1979) is shown
in Fig. 14. Shown are the anticipated dates for delivery of

the various items of the Common Support Equipment required to

support the missions. The flight dates of interest are
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FIGURE 14. Proposed STP Program Schedule
Source: ANSER, 1979
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indicated on the bottom of the figure. In attempting to

evaluate the timeliness of this schedule, reference is made to

the master schedule of NASA's Spacelab Mission 2 shown in Fig.

15. The design and development phase of the experimental hard-

ware for Spacelab Mission 2 begins approximately four years

prior to the anticipated flight date, July 1982. Also, the

payload specialists have already been selected--five years prior

to the flight date--and their training has already begun. In

view of this advanced preparation for Spacelab, the STP schedule

seems optimistic regarding the time required to develop the pay-

load and select and train the payload specialists for a first

STP sortie flight planned (at the date of this writing) for the

fourth quarter of FY 1982. The Space Division has initiated

discussions with the Marshall Space Flight Center and should

continue to review the Spacelab Mission 2 planning in order to

identify unrealistically short preparation times in the lead-

time schedule of the first STP sortie flight.

In summary, plans for utilizing the Space Shuttle in the

sortie mode for STP experiments seem to be proceeding ade-

quately, including the procurement of appropriate mounting hard-

ware, but leadtimes for payload specialist selection and train-

ing seem too short. An RFP for the acquisition of sortie support

equipment is expected to be released early in 1980.

26



II S

-cc~J

0 O -

0. 
4 rto

v 0~

L

4LC

.. Is w a a !



III. SHUTTLE SURVIVABILITY

Because of the importance of the survivability issue, it

continues to receive study by the DoD and others. During the

past year, an analysis was undertaken for the Space Division by

Rockwell International and included an examination of three

principal categories of targets of attack: (1) Ground Support,

(2) Communications Links, and (3) Flight Operations. The tables

following were reproduced from Space Division briefing materials.

The three tables outline some preliminary sample results of the

Rockwell study pertaining to threats against ground support in

manufacturing, transportation, and launch facilities. This com-

pleted study is currently under review by Headquarters, USAF.

The report was not available at the cutoff date of this paper:

November, 1979. The Space Division is planning to award TRW

a three-year contract for in-depth study of the full spectrum

of shuttle survivability.
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Manufacturing

STS ELEMENT PRODUCTION THREAT DEFENSE

SHUTTLE
ORBITER1

Oms PODSSINGLE SOURCE
DM5 PODSLIMITED PRODUCTION

SSMEI

ET m
FENCED PERIMETER

SBACCIDENT/ I
DISASTER/ GURIONRLEIUS SABOTAGE/ GUARIEONS OLE

SINGLE/LIMITED SOURCE TERRORISTSJ ENRS
STAGE CONTINUING EMPLOYEE

SRMS PRODUCTION BADGING

CO NS UMAD LES
12 MAJOR SUPPLIES

Transportation

STS ELEMENT CONVEYANCE THREAT DEFENSE

SHUTTLE1
ORBITER - CARRIER AIRCRAFT/ PATROLLSEDGROUND TRANSPORTER & GOND SITES

El - LONG HAUL BY BARGE/
GROUND TRANSPORTERI

GROUND TRANSPORTER ACCIENT/ DELIVERIES

SIME - CRADLED ON DOLLY DISASTER/
ON FLAT BED TRUCK SABOTAGE/

CONSUMABLES
LN, 1I ANNUAL

L LAILED CRYOGENIC CERTIFICATIONL02 TANK TRUCKS I LOW PROFILE
LN2 J DELIVERIES
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Launch Facilities

PROBLEMS
9KSC - SINGLE STRUCTURE VAB CARRYING MANY OPERATIONS

- SITE EXPOSURE - OPEN HOST BASE

oVAFB - SINGLE LAUNCH PAD WITH ON-PAD ASSEMBLY

- SINGLE ORBITER PROCESSING BAY

- SITE EXPOSURE - MILITARY WITH LEASED FARM LAND

- EXPOSED TOW ROUTES - ORBITER 17 MILES; ET 5 MILES

- SINGLE POINT ENTRY BY PHONE & POWER SERVICES
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IV. MISSION 4 PERFORMANCE

Mission 4 is a payload delivery and retrieval missicn of a

modular spacecraft plus cradle weighing 32,C00 lb at liftoff.

The mission will deploy a spacecraft weighing 29,500 Ib in a

15'-nni circular orbit at 98 deg inclination within two orbits

after lift-off. A passively cooperative, stabilized spacecraft,

weighing 22,500 It, will be retrieved from a 150-nmi circular

orbit and returned to VAFB. The mission duration, including

contingencies, is seven days. The crew numbers four.

Mission 4 is currently the most demandinz military mission

expected to be performed with the Space Shuttle. Weight in-

creases during Shuttle development have severely reduced the

payload that could be delivered to orbit. Weight reduction

programs are underway and are being phased into the development

program as funding and scheduling permit. Auxiliary thrust

augmentation options are being studied.

The Space Shuttle capability evolution as currently de-

picted by NASA is outlined in Fig. 16 (NASA source). The figure

shows the planned performance of the Shuttle system as the

Space Shuttle Main Engine (SSME) achieves full capability and

as weight reduction measures are introduced in the Orbiter

(numbers OV-099 and OV-103), the External Tank (ET) and the

Solid Rocket Booster (SRB). Two basic mission requirements are

shown: Mission 1, a 65,000-lb payload launched due East from

KSC, and Mission 4, the previously described 32,000-lb payload

launched from VAFB.

The percentages associated with the SSME notation in Fig.

16 pertain to different power levels: Rated Power Level = 100%
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thrus,; Full Fower Level = Il0 thrust. The double values

(i.e., 1CC11/09% SSME) pertain to the SSME power level sustained

in a normal ascent trajectory and during an abort situation, re-

spectively. The first four flights will operate at rated power

(100% thrust) for either a normal ascent trajectory or for an

aborted flight. According to current NASA plans (IDA, 1977),

beginning with flight STS-5 in the third quarter of CY 1981 the

main engines will be able to operate at the full power level

(109% thrust) in all abort modes, and ascent trajectories at

100% thrust will be selected with this backup in mind. The net

effect of this availability for abort is to allow less con-

servative ascent trajectories to be flown at 100% thrust that

increase the payload capability by about 4000 lb. During the

first quarter of 1982, an additional payload capability is to

be achieved by introducing the lighter weight external tank and

the lighter Solid Rocket Booster cases (equivalent to a total

payload increment of about 6700 lb). In mid-calendar-year 1982

it is anticipated ty NASA that normal ascent trajectories can

be flown at full power (109% thrust), resulting in an additional

payload gain of 9000 lb. During 1983 the delivery of the

lighter-weight Orbiter OV-103 is expected to result in a fur-

ther increase in payload capability of about 5000 lb.

Even after all these step increases in performance have

been achieved, Crbiter OV-103 falls considerably (about 8000

1b) short of meeting the Mission 4 payload requirement at VAFB

and slightly (about 2000 lb) short of meeting the Mission 1 re-

quirement at KSC. In view of this shortfall, NASA during the

past year conducted a series of analyses and reviews focused on

methods for enhancing the performance of the Shuttle to meet

the mission requirements. Initially, candidate configurations

included solid rocket motors attached to the SRBs or to the

tottom of the external tank. Of the several configurations

examined in the NASA studies, two configurations (Fig. 17)

emerged as beini, In 'NASA's opinion, the most effective when
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all factors were considered, i.e., development costs, cost rer

flight, and schedule impacts. One option consisted of an aux-

iliary solid rocket motor attached to each of the two Solid

Roc~ket Boosters; the other consisted of a Titan Stage 1 liquid

rocket engine (two chambers) integrated with appropriate tankage

into a propulsion module attached to the bottom of the external

tank as sketched in Fig. 17. In November 1979 NASA and the DoD

adopted the Titan option as the baseline configuration for fur-

ther study. Precise details of the configuration remain to be

developed but some idea of how the installation may look can be

seen in Fig. 17. The Titan engine and tankage are expendable,

thus increasing the cost per flight by whatever the replacement

costs turn out to be. The economics of this system have not

been reviewed or studied by IDA.

Alternatives to the baseline Mission 4 with and without

thrust augmentation (w/T.A. and w/o T.A.) have been studied by

both NASA and the Space Division with the results shown in

Table 4. In these alternatives some adjustments were made to

the orbit inclination and altitude in addition to changes in

the crew size and mission duration. With the rated power level

(100%) used during ascent and the full power level (1090.) avail-

able for an abort, the results indicate that a deploy-only,

32,000-lb delivery mission of three-days duration with a crew

of two can just be accomplished with strap-on-solid-rocket-motor

thrust augmentation. If full power is used for the ascent, ade-

quate performance appears to be available for the deploy-only

(2-man, 3-day) mission without thrust augmentation. It should

be noted that the performance figures include a 3000-lb growth

allowance (management reserve) for the Shuttle; in the event

that all this margin is not used up, the remaining amount can

be used as payload weight. Additional performance trade-off

analyses are continuing in NASA and the Space Division. These

analyses will examine the payload impact of reduction in the
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crew activity timeline, various propellant loadinw variations,

deploy/retrieve alternatives, and operational deorbit opportu-

nit ies.

TABLE 4. PERFORMANCE REFERENCE MISSION 4 (Courtesy NASA)

(Payload Capability, lb, of OV-103)

THRUST LEVEL BASELINE ALTEPNATES

4-MAN/7-DAYS f 4"MAN/4"DAYS(2) 2-MAN/3-DAYS(3)

NOMINAL/ABORT W/O T.A. W/T.A.1) W/O T.A. W/T.A. W/n T.A. W/T.A.

1091/109, 24,000 32,00 f 27,000 35,000 1 32.200 40,200

1001/109, 16,000 24,000 19,000 27,000 24,200 32,20O

100%/I00% 11,500 19,500 [ 14,500 22,500 19,700 27,7)n

NOTE: OV-0OO9 2,0n0 lb less caoabilitv than OV-In

OV-102 5,000 lb less capabilitv than nV-lnl

NOTE:

(1) SRB Strap-on Thrust Augmentation Option

(2) Deploy and Retrieve

(3) Deploy Only

The status of iASA's plans for modifyin and cual i 'f*

the main engine (SSME) to full power level (103 percent thrust)

was conveyed in a private communication from the MSFC Program

Manager of the SSME in July 1979. He pointed out that Il) the

original SSME design was for 109 percent thrust with a safety

factor of 1.5, (2) all components have been proof-tested to 120

percent thrust, and (3) engines with minor modifications were

to be available in September 1979 to start the 5000 sec of full

power qualification runs that are expected to be completed by

the end of CY 80. Plans call for three new engines and two or

three rebuilt engines to be made available for the full power

qualification program. Some runs at 102 percent thrust have
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already been conducted successfully during the qualification to

rated thrust. Extrapolaticns to 109 percent using present com-

cuter models show no difficulties. The great bulk of previous
SSME problems in achieving rated thrust were due to manufacturing

defects or were fatigue-life-related. All fixes for these were

designed for 109 percent thrust.

In summary, a key factor for adequate performance for the

reference Mission 4 is the thrust level at which the Shuttle

main engine can be operated throughout ascent. When the full
(109,0 thrust) power level materializes, options are available

for performing some variations of Mission 4 without thrust

augmentation. If recourse to thrust augmentation is made to

achieve the full Mission 4 capability, the most likely ccnfiL-

uration option appears to be a liquid boost module attached to

the bottom of the external tank and employing Titan en.ines.
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V. LAUNCH FACILITIES AND PROCEDURES

A brief review has been made of the facilities and planned

launch procedures at the Kennedy Space Center (KSC) and at

Vandenberg Air Force Base (VAFB) to identify possible commonal-

ities and redundancies and to compare the timelines for the

checkout of payloads at KSC, utilizing the USAF factory-to-pad

concept, with the procedures at VAFB that utilize Payload Prep-

aration Rooms.

The nature of the launch facilities at the two sites is

different. The KSC Shuttle facilities are modifications of

Apollo-era facilities - including the Vehicle Assembly Building

(where the Orbiter will be mated to the External Tank and Solid

Rocket Motor) and the Crawler, which will transport the assem-

bled system to the Launch Pad Complex, which also has been mod-

ified to accommodate the specific needs of the new Space Trans-

portation System. The facilities at VAFB are newly-designed

specifically for the Shuttle and exploit the unique geographic

features of the site. The facilities at VAFB are being con-

structed to meet the required activation date--December 1983--

and the Orbiter procurement schedule. The construction of

the proposed safing and deservicing facility is being delayed

until a second Orbiter is in the processing pipeline at VAFB.

This requires that the Orbiter Maintenance and Checkout Facility

(OMCF)--which is now to be located near the airfield twelve

miles from the launch pad--be used as an interim safing and

deservicing facility. Recheckout of the Orbiter cn the pad

will almost certainly be more extensive after the twelve-mile

tow to the pad than it would be if the CMCF were located closer

to the launch pad.
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In the procurement of launch-support hardware and software,

there has been close coordination between NASA and DoD. Pro-

jected workloads and security safeguards have resulted in some

duplication of equipment at VAFB. Thus, duplication of KSC

launch support computers at VAFB, rather than utilization of a

remote linkage between the sites, is said to be required be-

cause (1) computer loads are projected to be greater than the

capacity of the KS( computers, and (2) NASA software obtained

by SAMTEC without cost is not compatible with the remote link-

age. It appears also that the available software was not con-

structued by cleared personnel; the SAMTEC computer people were

not aware of any requirement for secure construction of software

decreed by the AACB ad hoc committee (AACB, 1977) that defined

the security requirements.

In the ground handling area, duplication of certain KSC

equipment for use at VAFB has not always been practicable be-

cause of the differences in which payloads are processed. At

VAFB, for example, the transfer of payloads through the payload

preparation room (PPR) will be by three transporters: (1) a

canister to bring payloads in, (2) a strong-back to move pay-

loads into the cells and to the payload changeout room (PCR),

and (3) a payload ground handling mechanism (PGHM) in the PCR

to carry the payload into the Orbiter when the PCR is moved

from the PPR to the pad. The PGHM could be a carbon copy of

the complex KSC PGHM (which is constructed to support payload

checkout at the KSC pad) or it could be a mere strong-back with

special provisions for ilting and aligning payloads with the

flexing Orbiter; a ,onsiderable difference in facility cost may

exist between these two extremes. AF studies to resolve these

issues are underway.

These three relatively minor issues were the only ones un-

covered in examinat-on of plans for VAFB Shuttle facilities.

42



t

As to the timelines for the checkout of payloads at KSC,

the principal area of uncertainty insofar as the DoD use of the

Shuttle is concerned appears to be in the implementation of the

factory-to-pad concept, illustrated in Fig. 18. Uncertainty

exists in the time that may be available to install and check

out DoD payloads in the Payload Changeout Room (PCR) on the

Rotating Service Structure (RSS) at the launch pad (Fig. 19).

NASA's estimate of the Orbiter ground turnaround time, when the

payload installation occurs at the launch pad, appears to be

based on the supposition that the user will deliver to the PCR

a payload previously assembled and checked out elsewhere than

in the PCR. Thus, NASA assumes that the predominant activities

in the PCR are to erect the payload on the Payload Ground Han-

dling Mechanism (PGHM), and subsequently install it in the

Shuttle cargo bay. Time for this activity has been variously

estimated on the order of twenty-four hours.

There are two launch-site timelines of pertinence to estab-

lishing Shuttle flight rates. One is the Orbiter turnaround

time, i.e., the length of time required after an Orbiter landing

to prepare it for the nextflight. The other is the on-pad

occupancy time required by the user to prepare his payload for

installation into the Shuttle when installation occurs at the

launch pad. NASA has established a turnaround time of 160 hours

as an objective. However, the current (April, 1979) NASA Orbiter

turnaround assessment as outlined in Fig. 20 is 233 hours. In-

stallation of the payload takes place in the 59-hour period

after fuel cell Dewar loading at 169.5 hours. In the DoD

factory-to-pad concept the payload is completely checked out in

the Payload Changeout Room (PCR) at the launch pad in a period

of time prior to Dewar loading.

A representative DoD factory-to-pad timeline assessment

for the preparation of a payload (IUS plus spacecraft) for in-

stallation into the Shuttle is shown in Fig. 21. In this
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FIGURE 19. KSC Launch and Checkout Facility
(Courtesy NASA)
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m TOW TO VAB - I HOUR

VAB OPS (SSV STACKING) 52 HOURS

= MOVE TO PAD - 7 HOURS

PAD OPS (PL INSTL. CID) m 59 HOURS

169.5 HOURS

A CLEAR PAD, FUEL CELL DEWAR LOAD

LIFTOFF A 233 HOURS

FIGURE 20. NASA Current Turnaround Assessment
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Old IUS ACTIVITIES (MAL. OPS. SE INST. (US INST/TEST, PREP FOR S/C MATE)

56 195
SP/L ACTIVITIES

(SIC HOIST. MATE, I/F TESTS, S/C TEST, S/C PROP LOAD, PREP FOR ORB INSTL)

195

A FUEL CELL DEWAR LOAD

RSS USE - 195 HOURS

NASA OPS - 46 HOURS

IUS OPS - 149 HOURS

S/C OPS - 139 HOURS

FIGURE 21. DoD Factory-to-Pad Assessment
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example, time begins at liftoff of a previous flight, after

which preparation can begin for the next flight. The first

forty-six hours are dedicated to pad safing and reconfiguration

and are not available for the payload activity. After the pad

is reconfigured it becomes available for payload operation,

which in the example shown in Fig. 21 involves 149 hours of

IUS/spacecraft checkout in the PCR. The payload is transferred

from the PCR into the Shuttle cargo bay after the Dewar loading,

shown at 195 hours, as previously discussed in the Orbiter time-

line. The concern is that the serial time required in the RSS

for this "factory-to-pad" concept may impact the Orbiter time-

line and result in substantial cost penalties for the DoD as

well as incurring undesirable program delays. Actually, the

149 hours allowable for payload checkout appears to be too

little; an examination of individual program responses to a re-

quest for timeline assessments by the Space Division* (Table 5)

indicates that the majority of the DoD programs will require

considerably longer checkout times in the RSS, thus causing

further impact on the Orbiter timeline. It should be noted

further that doubt is expressed by some program offices about

the feasibility of direct factory-to-pad processing for their

programs.

The amount of time available for PCR occupancy depends on

the number of pads available, the flight rate, and various con-

tingencies introduced into the scheduling timeline. While the

detailed scheduling is relatively complex when all factors are

considered, some idea of the maximum available occupancy time

can be obtained by a simple analysis based on current ground

rules for servicing the Orbiter and the pad and the timelines

previously discussed. IDA has made such an analysis to illus-

trate the impact of different Orbiter turnaround times and on-

pad payload checkout times on the yearly flight rate. The

Briefing backup material, COL J. Boyland, 25 April 1979.
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flight rates per year that can be sustained by three Orbiters

on two pads are given in Fig. 22 as a function of the Orbiter

turnaround time (from landing to liftoff) or of the pad accessi-

bility time (from end-of-pad-refurbishment until beginning of

loading of hazardous fluids). The ideal available times are

calculated here simply by dividing the working hours per year

by the number of flights per year per Orbiter or per pad and

reducing the result by the unavailability times of the facili-

ties (on-orbit time for the Orbiter or inaccessibility time for

the pad). The assumed ideal even spacing of flights gives the

average time available; if the spacing is less than ideal, e.g.,

equivalent momentarily (between two flights of the same Orbiter

or from the same pad) to a higher annual flight rate, then the

available time will be reduced to the value plotted for the

higher flight rate.

TABLE 5. INDIVIDUAL PROGRAM ASSESSMENTS
OF CHECKOUT TIME REQUIREMENTS

"FACTORY-TO-PAD PROCESSING, hrs OFF-LINE PROCESSING, hrs

PROGRAM SAB RSS SMAB RSS

DSCS (?) 921 58 62

GPS (4 satellites) --- >2002 135 160

SOS --- >2502 142.5 110

DSP 70 120 150 93

SAFSP --- 350 300 703

IAssumes integration but no checkout in SAB.
2Direct factory-to-pad not feasible.
3No testing.
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..-e L-seine fi!hts cr year ooeci'led for K= requires

an averae Ir t'er tornarcund time not o exceed 2n3 hours for

a se,:en-:da%* min and reauires an averaze on-nad checkout time

not to exceed .I nours. The DoD oayload-checkout-time estimate

of 1- ho urs . . 1) is compatible with a 32-per-year flight

rate. If the desired 40-per-year flight rate is to be achieved,

the "factory-tz-pa" concept requiring an on-pad payload check-

out time in the ESS upwards of 149 hours (Fig. 21), or a liftoff-

to-end-checkout time u-wards of 195.5 hours including a 46-hour

pad refurb .sment ti e, Is infeasible wi. a sixteen-hour work-

-lay, five-day workweek, and an off-line payload processing, fa-

cility or longer workweek is required. The conclusion reached

by the Space Division, as a consequence of their own studies of

payload processing requirements, is that a Satellite Assembly

Suilding (SAB) is needed at KSC to ensure an orderly and timely

checkout and installation of DoD payloads into the Shuttle if

costly interference with STS operations is to be avoided.

Two options for a suitable SAB have been studied by the

Space Division. Cne involves the use of NASA's Vertical Pro-

cessing Facility (VPF) (Fii-. 2-?); the other proposes a modifi-

cation of the Solid Motor Assembly EuiliJin (SMAE), Figs. 2:

and 25, incorporating a new intecratiDn area to allow the Ln-

stallation and checkout of payloads (either by themselves cr

mounted on an IUS) and cermit the loa of orbital proellants

in the payload. These modifications have teen identified as a

Phase III of upgrading the SVAB.

A tradeoff in cost between the SMA Fhase :II modifications

and required VPF modifications, if it Is to be used for classi-

fied DoD payloads, has not been m-. c n i.....

"ASA* stated that no detailed anal.'sis c " the VPF is to be

undertaken because the recuiremenos stioulated by the DoD so

leverely impacted the use of the fac ' l!ty b,%, civil users and

Telephone conversat'on, ?ienn. , Space 'enter, 7.. Aucost . -
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FIGURE 24. Solid Motor Assembly Building
(SMAB) Phase III
(Courtesy USAF)
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created such high schedule risks that such an option was con-

sidered unwise. Some of the principal requirements stipulated

by the Space Division are the following:

- Two isolated assembly cells and isolated levels in
each cell.

- Class 100,000 clean-room environment.

- RF isolation.

- Bi-propellant loading capability.

NASA sources stated that the military missions could prob-

ably be absorbed in the flight schedule, but would require a

two-shift operation, and could still convey a risk that civil

programs encountering scheduling difficulty would be impacted.

Consideration of modification of the VPF to allow it to

handle classified military payloads and hazardous bipropellants

may be academic; modification of the VPF would necessitate shut-

down of operations there for many months, requiring the inte-

grating of all IUS/payloads in the RSS at the pad during the

shutdown. Interim use of the Mobile Airlock (Fig. 18) by all

(both civil and military) IUS/payloads would almost certainly

be necessary. No special additional use of the Mobile Airlock

has been uncovered; after the SMAB Phase III or the VPF modifi-

cations were completed, the Mobile Airlock would only serve as

an extra transport canister, and no requirement has been iden-

tified for more than the two canisters planned to be purchased

by NASA.

A tradeoff in cost has been made by the Space Division be-

tween the SMAB Phase III modifications and the difference be-

tween portable Interface Verification Equipment (IVE)--required

if checkout is to be performed alternatively in the VPF or in

the RSS in the absence of the SMAB checkout facility--and the

fixed IVE for the SMAB. The FY 1979-85 cost estimates (Table 6)

show a cost for the SMAB Phase III of $18.0M and for the excess

cost of portable over fixed IVE of $27.LM, with a net savinrs
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the SMA3 Phase III were inplemented. Both .os. and cne - a n

advantages acpear to weigh in favor of the '.'A- Phase o' t cn.

TABLE 6. SMAB PHASE III COST SUMMARY (Courtesy USAF)

(THEN YEAR $ MILLIONS)

FY79 FY80 FY81 FY82 FY 83 FY84 FY85 [TOTAL

SMAB PHASE 3
3600 + 0.4 + 1.5 + 2.3 + 07 + 0.3 + 5.2
3300 +12.8 _- 12.8

TOTAL + 0.4 + 1.5 +15.1 + 0.7 + 0.3 + 18.0

I VE CHANGES
(Portable-to-fixed)

3600 + 1.5 - 0.2 - 1.2 -0.6. - 1.2 -1.2 - 2.9
3020 0 + 1.5 - 1.9 -17.2 +7.4 -14.3 - 24.5

TOTAL + 1.5 + 1.3 - 3.1 -17.8 + 6.2 -15.5 - 27,,4

TOTAL SWAB PHASE 3
AND IVE REDUCTION

3600 + 0.4 + 3.0 + 2.1 - 0.5 - 0.3 - 1.2 - 1:2 + 2.3
3020 + 1.5 - 1.9 -17.2 + 7.4 -14.3 - 24.5
3300 +12.8 + 12.8

TOTAL + 0.4 + 3.0 +16.4 - 2.4 -17.5 + 6.2 -15.5 - 9.4
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VI. PAYLOAD INTEGRATION

Payload integration embraces a variety of analytic activi-

ties required to verify that a payload is compatible with the

Space Shuttle environment and the upper stages used, and that

the Shuttle can operate safely with whatever payload combina-

tions are placed in the cargo bay. It is a complex activity

involving a number of organizations and technical disciplines

and extending over several years. Major tasks to be undertaken

include (1) defining payload interface requirements and per-

forming an integrated interface analysis, (2) performing safety

reviews and certifications, (3) participating in planning flight

and ground operations, and (4) participating in flight readiness

reviews. A typical military payload integration schedule is

given in Fig. 26.* In this example the activity extends over

a period of four years. The extent of the effort expressed in

man-months is outlined in Table 7*, based on the work break-

down structure detailed in Fig. 27. Note that four organiza-

tions are involved: (1) a Payload Integration contractor

(Martin-Marietta), (2) The Aerospace Corporation, (3) the IUS

Spacecraft Integration contractor (The Boeing Company) and (4)

NASA. The magnitude of this integration effort in terms of

cost could amount to as much as 28 percent of the delivery cost

for a typical DoD spacecraft according to an analysis made by

the Space Division and detailed in Fig. 28.*

There are two points to be made regarding these costs.

First, NASA has questioned the need for all the optional ser-

vice charges shown in Table 7. NASA claims that the services

Briefing charts -- COL C. Essmeier, May 1979.
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'USS
LAUNC FLIGHT VEHICLE
LAUNCH166
OPS AND1667

SER ICE 3410 STS LAUNCH CHARGE

39. 4%

MISSION 12.5
PECULIAR

ITEMS

(5%) / PAYLOAD
NASA / INTEGRATION TOTAL COST

OPTIONAL / TOTAL 40.21 MILLION
SERVICES 28.1 OF 1979 DOLLARS

FIGURE 23. STS Delivery Cost--Typical DoD Spacecraft
(Courtesy USAF)
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normally included in the launch cost should take care of the

kind of functions listed as ortiona! in Table 7 and that addi-

tional charges may not be required. NASA has stated its con-

cern about possible erroneous assumptions as to what is in-

cluded in the Standard Shuttle launch price (as contrasted to

optional services prices) in a recent (23 July 1979) letter to

Lt. Gen. Thomas P. Stafford, Deputy Chief of Staff, Research

Development and Acquisition, Headquarters, USAF.

The second point is that the redundant reviews and dupli-

cative analyses performed by the payload integrating contractor

(PIC) may be substantially reduced if the Space Division Com-

mander's Policy were changed to acknowledge, on a selective

basis, the competence of the work performed by other organiza-

tions in discharging their responsibilities. For example, in-

dependent analyses in such areas as loads, vibration, thermal

stress, and contamination may need only to be undertaken where

margins of acceptability are low or determined to be unsatis-

factory.

NASA and the Space Division are currently reviewing pro-

cedures and requirements relating to payload integration in

anticipation that means can be found to reduce payload inte-

gration costs by the elimination of duplicative activity.

It has become increasingly evident in discussions with the

Space Division and NASA that reliable estimates of integration

costs can only be obtained for specific case histories for ac-

tual payloads being processed through the system. For example,

in a recent joint cost study by NASA, Space Division and Navy

involving the potential launch of a TRANSIT satellite by the

Shuttle, the greatest difference in the total cost estimates by

the three organizations was reduced from over 60 percent to

about 13 percent. The reduction came about primarily from close

consultation on the details of certain integration activities,

thus avoiding duplicate charges for similar services.
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VII. ENVIRONMENTAL SATELLITE CONVERGENCE*

A. BACKGROUND

Present environmental satellites--meteorological, land

remote-sensing and oceanic--have developed as completely sepa-

rate programs by DoD and/or NASA to meet specialized agency

needs. In an effort to combine two or more of these satellite

programs, the Carter administration directed, via "White House

Fact Sheet on U.S. Civil Space Policy" dated October 11, 1978,

that this possibility be reviewed. That portion of the policy

statement pertaining to remote-sensing applications is excerpted

as follows:

Weather Satellites. Separate operational
requirements for meteorological data over
the past two decades have led to separate
Defense and Commerce's National Oceanic and
Atmospheric Administration (NOAA) weather

satellites. The Defense Community, NASA,
and NOAA will conduct a review of meteoro-
logical satellite programs to determine the
degree to which these programs might be
consolidated in the 1980s and the extent to
which separate programs supporting specialized
defense needs should be maintained. The
possibility of integrated systems for ocean
observations from space will also be examined.

To meet the objectives in the President's space policy,

the study activities currently in progress are: (a) the Polar

Portions of this section that cover the comparison of the
DMSP and TIROS programs, were submitted on 30 March 1979, at
which time full data on the NOSS program were not available.
Subsequently, in May 1979, material was received (NOAA, 1979)
that described a proposed NOSS program, and some preliminary
comments have been incorporated in this section.
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Orbiting Operational Veteorolo ical Satellite CoordInating

Board (PCOMSCB), which is looking at ways to standardize (or at

least converge) the next generation of DoD and NASA/NOAA mete-

orolozical satellites tentatively identified, respectively, as

DMSP Block 6 and Advanced TIROS-N or Project 85, and (b) the

Integrated Remote Sensing System Study (IRSSS), which has as

its objective the definition of a comprehensive plan for an in-

tegrated national system for remote sensing of land, ocean and

atmosphere. The OMB directive for the POOMSCB study (OME, 1970A)

requested a target date of March 1, 1979. The schedule for the

IRSSS study calls for completion of the technological alterna-

tives portion by June 15, 1979 with the organizational aspects

due in mid-August, 1979. These dates are understood to be in

keeping with the FY 1931 budget cycle.

A third current activity, in addition to the above, is the

RFP (DMSPO, 1978) issued by the USAF/Space Division for concep-

tual design studies for a DMSP Block 6 meteorologiral satellite

to meet DoD requirements. No hardware is involved in this

phase, and it is understood that OMB has been assured that the

USAF will take no action that would adversely affect whatever

program evolves from either the POOMSCR or !RSSS studies.

One further study activity of interest, primarily to the

Navy and NOAA, is a National Oceanic Satellite System (NOSS),

which is proceeding concurrently with, but independently of,

that of POOMSCB.

B. CURRENT OPERATIONAL PROGRAMS

1. Geostationary

NOAA operates three GOES (Geostationary Operational Envi-

ronmental Satellite) satellites in the western hemisphere, two

of which are located at 75 and 1350 W loniitude. The sate!-

lites collect visible and IR images of the globe up to about

700 N and S latitude every fifteen minutes. The third GOES was



recently relocatei at C- E ans "s eod zv te uror

Space Agency as oart of the Global Atmrherc es

Program (GAR?). Because the resolution and versatility7 -an-

able by current sensors from geosta-nay atlt .es is !nade-

quate for most military and civil purposes, it is necessary tc

use much lower altitudes; hence, the emphasis has been on sun-

synchronous, "polar orbiting", low-altItude satellites. Mo

further discussion is given in this paper to geostationary sat-

ellites.

2. Polar Orbiting

The current operational "polar orbiting", low-altftude 7e-

teorological satellites are three DoD DMSP Block 5D-,l

9/11/76, 6/5/77 and 5/1/78, and one NASA/NOAA TIROS-N, launched

10/13/78.* Orbital altitudes and inclinations are the same for

both programs, 833 km (450 nmi) and 98.7 deg. Additional DMSP

and TIROS-N/NOAA satellites are on order and planned for launch

through 1985. The spacecraft bus for the DMSP and T!ROS/N-NOAA

was standardized by DoD and N4ASA in 1974, but the sensor comple-

ment is almost completely different. For example, as may be

noted from the listing of sensor characteristics in Table 8 (de-

veloped from RCA, 1979), there is no commonality between the

nine sensors on the DMSP Block 5D-2 and the eight listed for the

TIROS-N. (Looking ahead to possible advanced DMSPs and 'IIROS-,, ,

the total of disparate sensors rises from 17 to 27, for which

performance, weight and electrical power requirements vary sub-

stantially.) However, these differences have been justified in

the past because the needs of the military and civil programs

vary with regard to resolution, timeliness and other require-

ments as well as with regard to the developmental history of

two separate programs. However, the opportunity for much

Subsequent to completion of this section, two additional
METSAT launches have taken place: DMSP Block 5D-1 on 6/6179
and NCAA-A on 6/27/79.
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TABLE 8. CHARACTERISTICS OF DMSP BLOCK 5D, TIROS-N,
AND SEASAT SATELLITES (from RCA, 1979)
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,reater standardization of sensors is apparent from this table

and also taken from the sensor scectral coveraces shown ,ravhi-

cally in Fig. 29 (Lockheed, 1979).

SPECTRUM - MICROMETERS

IR 1T

106  105  104  103  10 2 01 100 10 - 1

(METER) (Mm) (jro)

SEASAT-A U __ _,.__ _

NIMBUS-G -II U

DIMSP-5D ________._ _|_I

TIIROS-N I_ l l_.__

SMS/GOES .__

DMSP-6 _ l - -

NOSS _n i _ _ -

FIGURE 29. Remote Sensing Spectral Similarities

Source: Lockheed, 1979

3. Oceanic Satellites

The developmental model of an operational oceanographic

observation satellite system, the NASA/NOAA SEASAT 1, was

launched June 26, 1978. It operated successfully for a little

over three months, during which time a large quantity of data

from the sensors aboard were obtained. However, a major failure

of the electrical system occurred in early October 197S, which

completely shut down the satellite. Additional oceanic satellites
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are exoected to be launched in zhe future, but their conf!iura-

tion and schedule will have to wait the results of the 'CSS and

iRSS - st dies.

C. METEOROLOGICAL SATELLITE DATA REOUIREMENTS

The end product of all METSAT programs must be meteorolo7-

ical data that are useful to the users (customers). As the

technological capability of sensors, spacecraft and data re-

duction systems has become more sophisticated, the selection of

the needs to be met and the sensors to be included in any par-

ticular program becomFs more difficult. A number of pertinent

references (DMSP, 1978, IDA, 1.75, ":CAA, 1971, were, lS were ex-

amined with the objective of preparing a list of recuirements

for use in this "convergence" study. However, although there

were many commonalities, there were also substantial differences,

and rather than trying to reconcile the differences in an inde-

pendent list, it was decided to use the one prepared by the

POOM!SCB ;Working Group entitled "Summrary of "2-AT Data Re u re-

ments." This list, which is reproduced as Table 9, shows that,

if the twelve cossible requirements listed ,NOAA places first

priority on four, second on seven and none on one. In the DoD

case, six are first., fcur are second and two are not required.

Cnly three recuirem-nts.carrying top priority for both aoencies

are the same: ther.-al mapping, snow cover and ice cover. (?re-

sumatly, th.reaSn that one of DoD's first-crority reluire-

ments, cloud cover, is rated second by NOAA is that N'CAA's GOES

geostationary satellites provide cloud cover information with

a resolutior. adequate for their needs, whereas DoD needs signi-

ficantly better resolution; a further consideration is that

GOES does not provide polar coveraoe.)

D. SENSORS FOR A CONVERGED METSAT SYSTEM

As a general statement, sensor selection should be made

by choosing the most versatile system to meet a particular



TABLE 9. SUMMARY OF METSAT DATA REQUIREMENTS

REQUIREMENT NOAA DOD

Imaging for meteorological use 2 1
(Cloud cover)

Thermal mapping 1 1

Vertical profiling 1 2

Precipitation mapping 2 1

Snow cover 1 1

Ice cover 1 1

Radiation Balance 2 -

Space Environment 2 2

Ionospheric Electron Density - 1

Atmospheric Constituents 2 -

Soil Moisture 2 2

Flood Expanse 2 2

1 = Highest priority

2 = Second priority

- = No requirement

NOTE: DoD requires imagery from early and mid-morninq orbits

to meet its mission.

NOAA requires vertica' profiling at approximately six-
hour intervals for irput to numerical forecast models.
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requirement from those sensors currently in use in the DoD and

NASA/40AA ,,ETSATs (or improvements thereof). As an example of

how this selection might work out, Tables 10 and 11 are perti-

nent. Table 10 shows the sensors used by NOAA and DoD to meet

the requirements previously shown. It will be seen that:

No. of sensors with same purpose 4

No. of other sensors for NOAA needs 4

No. of other sensors for DoD needs 5

Hence, for a totally converged complement of sensors that meets

the needs of both agencies a total of 13 is required. Selec-

tion on the basis of minimum weight and electrical power re-

quirements between the four that compete (except for the OLS

and AVHRR for reasons discussed below) is shown in Table 11.

The OLS is a mandatory choice over the AVHRR on ground res-

olution needed by DoD. Stated resolutions are 1.5 nmi in the

high-resolution mode and 0.3 nmi in the very-high mode for the

OLS and 1.1 nmi for the AVHRR. Spectral bands are similar or

could be made so. However, a check by POOMSCB with the manu-

facturers indicated that the AVHRR could not be modified to

meet DoD requirements, whereas the OLS could be changed to

handle NOAA's. Unfortunately, the OLS is a much more expensive

instrument (approx. $7.5M versus $0.8M) so that NOAA has an in-

centive to stay wit. AVHRR rather than change in the interest

of standardization.

The conclusion to be drawn from Tables 10 and 11 is that

a standardized METSAT is feasible and within the weight and

wattage of the Space Shuttle. Whether such a course of action

(i.e., standardization) is advisable, however, depends largely

on whether the reduction in integration costs for a single set

of sensors instead of two different sets in the spacecraft and

information systems is overbalanced by the additional cost of

the agency-specific sensors required.
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TABLE 10. SENSOR REQUIREMENTS FOR POST-1984

INSTRUMENT NOAA

Visible/IR Imager I (OLS)

Visible/IR Imager 1 (AVHRR)

Microwave Imager 1 (SSM/I)

IR Sounder 1 (HIRS) 2 (SSH)

Microwave Sounder I (MSd) 2 (SSM/T)

Topside tonosonde I (SSI)

Energetic Particle Monitor 2 (SEM) 2 (SSJ)

Earth Radiation Budget 2 (ERBI)

Solar Backscatter UV 2 (SBUV)

UV Limb Scanner 2 (SSD)

Gamma/X-ray Scintillometer 2 (SSB)

Data Collection System 1 (OCS)

Search and Rescue 3 (S&R)

LIDAR Sounder 3 (SSW)

Priority ranking into 3 categories is shown

1 = Highest priority

2 = Second priority

3 = Potential for growth

- = No requirement
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TABLE 11. POSSIBLE SENSOR COMPLEMENT FOR A
TOTALLY "CONVERGED" DoD AND NOAA METSAT

WEIGHT, POWER,

INSTRUMENT NOAA DoD lb watts

Visible/IR Imager OLS 285 175

Microwave Imager SSM/I 200 100

IR Sounder HIRS 73 23

Microwave Sounder MSU 47 20

Topside lonosonde SSI 44 20

Energetic Particle Monitor SEM 20 10

Earth Radiation Budget ERBI 63 20

Solar Backscatter UV SBUV 70 12

UV Limb Scanner SSD 60 40

Gamma/X-ray Scintillometer SSB 19 4

Data Collection System DCS 55 20

Search and Rescue S&R 90 65

Total (less LIDAR and S&R) 1026 509

LIDAR Sounder SSW 1000 3000

2026 3509
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E. SPACECRAFT BUS

There are a number of spacecraft buses that could be con-

sidered for a "converged" meteorological or meteorological/

oceanographic satellite. The DMSP Block 5D bus can be enlarged,

as can the SEASAT-A's AGEINA, and there are undoubtedly others

that have flown successfully and could meet the performance re-

quirements. The NASA Multimission Modular Spacecraft (MYS) is

also a candidate. This brief survey has not covered this matter

in detail but there seems to be no reason why a single design

of the spacecraft, less sensors, could not be achieved as was

done with the DMSP Block 5D and TIROS-N, even though some of

the sensors are likely to be different. In the choice between

a modification of an existing flight-proven spacecraft and a

new design such as the MMS, consideration should be given to

proven reliability and service life as well as to relative

development costs.

One additional factor to be considered is whether to re-

quire that the selected configuration have provision for the

most stressing sensor--the LIDAR wind sensor. Table 11 shows

that this sensor doubles the weight and mozre than quadruples

the power. Further, the USAF RFP techni.al annex (DMSPO, 1978)

gives the IOC for the LIDAR as "1987 tc 1990." Hence, the cost

of the standardized METSAT program might well be reduced by

eliminating the requirement for the LIDAR sensor. After it is

fully developed, and evaluated, possibly by tests in the Space

Shuttle, it would be the tire to consider installing it in a

further development of the METSAT that might be identified as

Block 6-1/2 or Block 7.

F. LAUNCH VEHICLE

It is assumed that by 1985 the Space Shuttle will be oper-

ational from VAFB. Hence, spacecraft weight should not be as

critical as it is in the present THOR/DMSP program. Length
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would not be a problem for the DMSP or TROS-N spacecraft but

would be for the SEASAT/AGENA if it were desired to carry two

spacecraft in tandem on a single launch. This tandem-operation

issue is significant if it turns out that DoD requirements dic-

tate that DoD have its own spacecraft and for economy reasons

the Shuttle should be used to launch two meteorological space-

craft in a single flight. However, if the diameter of the

spacecraft can be kept down to 6-7 ft, the length problem dis-

appears and two could be carried side by side. In fact, the

payload capacity of the Shuttle would probably permit more than

two such spacecraft to be carried.

The 6V requirements for transfer from the nominal 150-nmi

Shuttle orbit to the 450-nmi operational orbit are relatively

moderate, requiring perigee and apogee burns totaling a little

over 1,000 ft/sec. The Shuttle performance curves were examined

to determine if the Shuttle itself, using the maximum number of

OMS kits, could deliver the spacecraft directly to orbit. A

payload capability of about 5,000 lb is shown, but, with the

current overweight problem of the Shuttle, this is considered

too marginal to consider at this time, although it may be kept

in mind for the future.*

The Goddard/Fairchild Multimission Modular Spacecraft

(MSS), which has provision for an add-on propulsion module,

could provide the necessary perigee/apogee velocity increments

as well as acting as the spacecraft bus.

An alternate orbit transfer vehicle (OTV) concept that

could be fully reusable would be a new upper stage having a

Curre,. NIASA studies of performance enhancement of the Space
Shuttle necessary to permit it to meet Mission L requirements
from VAFB are discussed in Section IV. Either strap-on solid
motors or the preferred liquid boost module will bring the
Shuttle's payload capability to the 450-nmi/98.7 deg orbit
back to or possibly slightly more than the original 5000 lb.
Such a capability, which would eliminate the need for an OTV
for the METSAT program, is projected for the 1985 time period.
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four-burn liquid-propellant propulsion system-.--two turns used

to move the payload from the Shuttle to the operational ortit

and two to return it to the Crbiter. (One candidate for such

a stage might be a modified !US in which the tw- soliJ rocket

motors are replaced by a single liquid-propellant rocket enZine.j

G. GROUND FACILITIES

The DMSP and NOAA programs have developed their own sepa-

rate ground-receiving, data-reduction and weather-informatirn-

dissemination systems. In view of the wide differences in user

requirements, it is not apparent that it is necessary or cost-

effective to consider standardization of ground facilities,

even if there were no security aspects to consider.

H. PROGRAM COST CONSIDERATIONS

1. Comparison of Program Options

A cursory IDA cost estimate for a 10-year program coverinc

development, procurement and operations gave the followino re-

sults for three options as follows:

Option

A B C

Modified RCA bus to New "converged" bus Same as Option
take both DoD and with standardized B, but separate
NOAA sensors. Two set of sensors-- satellites for
operational satel- 3-satellite opera- DoD and NOAA--
lites for each tional system similar to
agency Option A

Baseline cost = I0% A = + 9%
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Comparing Options B and C, Option B has a cost saving of ap-

proximately 18 percent.

No allowance was made in the above estimate for the possi-

ble effect of the changes in ground facilities for data recep-

tion, processing and dissemination. However, if a common sys-

tem were decided on, the incremental costs for ground facilities

would be about the same for all three options. It is under-

stood that POOMSCB estimates a cost saving of about 20 percent.

2. Retrieval for Ground Repair, or Orbital Maintenance

Because the Space Shuttle has the ability to rendezvous

with low-altitude satellites, the possibility of using it to

retrieve a satellite for ground repair or to accomplish orbital

resupply or repair has been proposed. Some of the factors to

be considered in evaluating this use of the Shuttle are dis-

cussed below:

a. Retrieval and Repair/Refurbishment. In this

mode the Shuttle would retrieve a low-altitude

environmental satellite and return it to the

ground for repair, refurbishment and relaunch.

This could be accomplished only if (a) the

spacecraft could retract and furl its power

panels, antennas, etc. (or, alternatively, blow

them off) and if the Shuttle has the capability

to attain the spacecraft orbit, or (b) if the

spacecraft had the propulsion to descend to

the standard Shuttle orbit for rendezvous. In

either case, the Shuttle's Remote Manipulator

Arm (or equivalent) would grasp the spacecraft

and maneuver it into a cradle in the cargo bay

for return to earth. A study of the economics

of this approach is needed to determine if this

is a likely candidate in view of the cost per

Shuttle flight in relation to the probable cost

of the spacecraft.
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b. Repair/Resupply in Orbit. Resupp: of licuid

--ccelian+s frcm tan s in the Orbiter may be

a straijhtforward procedure if the Shuttle can

attain the spacecraft orbit. However, to repair

a malfunctioning spacecraft means that it would

have to be designed with replaceable modules for

the critical components, perhaps along the lines

of NASA's MMS project. Here again, as in the

ground repair mode, the same issues regarding

ability of the Shuttle to reach the spacecraft

orbital altitude and the relative cost of the

flight, which would probably have to be a dedi-

cated flight, would be controllinr factors.

Also, the possibility must be considered that

the ground diagnosis of the malfunction might

be faulty and therefore the orbital repair could

not be accomplished.

Hence, from an overall standpoint the concept

of repairing or resupplying a spacecraft of this

type either on the ground or in orbit does not

appear promising.* Emphasis on component re-

liability to achieve lower cost throuzh longer

life appears to be more productive.

I. FREQUENCY AND TIMELINESS OF GROUND COVERAGE

The number of METSATs in orbit and their times of equato-

rial crossing is vital to DoD and NOAA missions. The PCOMSCB

study has defined a converged system that reduces the number of

satellites required in an operational system from four (for

This conclusion, which is contrary to that of IDA Paper P-1366
for Mission 4 payloads, is due to the effect on Space Shuttle
performance of the higher-altitude orbit for the DMSP- and
DIOAA-type payloads. Mission 4 payload is to be delivered to
a 150 nmi/98 dea orbit as compared to L50/98.7.

77

I - .. . ... ... . . . . . . . . . .. . i '7 .... . -" - ' "



separate DoD and NCAA systems, called here the taseline system)

to three, as follows:

Local Time and Direction of Equatorial Crossing
Baseline System Converged System

0730-N (DoD) 0630-N

0730-S (NOAA) 1030-N

1030-N (DoD) 1430-N

1500-N (NOAA)

From the above trend in convergence of timing, the question

arises as to whether, if a three-satellite system is acceotable

to both DoD and NOAA, it would be possible to go one step fur-

ther and eliminate the 10:30 one, thereby reducing the METSAT

system to two satellites. This study can only raise this ques-

tion, not answer it. However, as we understand the different

uses to which the two organizations put the meteorological data

we are inclined to believe that the answer is negative and that

the three-satellite system is the minimum for effective opera-

tion.

J. SYSTEM SECURITY

This subject has been looked at in only a cursory manner

in this paper. it is understood that current DMSP Block 5D and

TIROS-N satellites have provision for and may actually use en-

cryption/decryption equipment to provide security. The USAF/

SAMSO Block 6 Technical Requirements document (DMSPO, 1978)

contains the following:

7.1 (b) - Encryption and authentication shall be
provided for the command link.

7.1 (c) - Encryption shall be provided for the down-
link telemetry (for both housekeeping
functions and mission data).
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In addition to these recuirements for a new E.?S rrozram, Is is

::. nterest to note that : 'SO,1978 also states that

6.0 (c) - Protection shall be provided aoa1nst
laser, nuclear and conventional ASAT
threats.

Duringz discussions with NOAA, it was learned that current ,.ETStTs

have equipment that can be commanded to render them inoperative

in certain circumstances to prevent unauthorized use.

K. MANAGEMENT RESPONSIBILITY

The OMB letter (OMB, l?79A) requestin , the ?OCMSCB s cui- of

DMS and TIROS-N convergence asked that the .uest.on of in.st-

tutional/operational management factors be considered as ,;ell

as those of a technical nature. The issuance by USAF/Space

Division of the RFP for conceptual studies of a Block 6 ETS.AT

might appear to be a "Jumping-of-the-gun" by the Air Force.

However, it is understood that this is not the case but rather

a desire to obtain inputs from a number of qualified industrial

firms from which the best possible specification for the devel-

opment phase of the next generation METSAT can be prepared. -c

information as to the recommendations of POOMSCB regarding as-

signment of management responsibility was available to us dur-

ing the course of the study and since both the USAF and NASA/

NCAA have the capability to manage a prozram of this magnitude,

the choice of agency will have to be made on factors other than

technical. Among these are security and survivability for the

military and international data dissemination and commerciali-

zation for the civil sector.

L. NOSS PROGRAM CONSIDERATIONS

The National Oceanic Satellite System (NOSS) interagency

study (OCAA, 1979) defines the program as a "limited operational

demonstration of satellite sensing of oceanic phenomena."

79



In one sense, it is a follow-on to S A 7-1 1h*.C-, unf-o rtuna e',

failed i- Ctober 117E after only rh-.ee mcrths in orbi. . ow-

ever, N CAA is now proposing it as a comoletely new and more

versatile oroJect followin o the A-1S procurement 'crora..

For a preliminary evaluation of the opportunities and dif-

ficulties of combining weather and oceanic satellites, two

parameters are used: (1) orbit altitude and inclination and

(2) sensor complement.

1. Orbit Characteristics

The polar-orbit METSATs require a sun-synchronous ortit

at 830 km/98.7 deg. They also have a demanding schedule of

time of equatorial crossing (i.e., 7:30 AM South to North, etc.'

to collect data on the timely basis needed by both DoD and NCAA

for local meteorological forecasts.

Orbit tradeoff studies are required (NOAA, 1979), based on

sensor options, before a decision is made as to orbit altitude

or inclination. The following is quoted from that reference,

pp. 11-2 and 11-3:

The orbit considered for the NOSS mission is
600 to 900 km, circular and polar. The 600-
to 900-km altitude range can easily be achieved
and maintained by a Shuttle launch from the
Western Test Range, a Teleoperator Orbit Trans-
fer, and can be kept on station using a ?M-7.
The circular orbit is used to guarantee uniform
quality of the data, and the polar orbit with
an inclination of between 85 and 110 deg will
ensure that the SMFL "sees" the polar ice cap(s).
Only one sensor (the colorimeter) would yield
better data if flown in a sun-synchronous orbit.*

Hence, it appears likely that NOSS sensor performance will be

degraded if METSAT orbital parameters are used.

In a discussion with NASA project personnel on 8/6/79, it was
learned that choice of orbital characteristics has narrowed
to a nominal 800-km altitude and 87-93 deg inclination.
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2. Sensor Complement

.,e oceanic characteristics the N,.s

.o measure are rche following:

* Wind--Speed, Directicn

* Sea Surface Temerature--Ijobal, Local

* Waves (Sea State)--Height, Amplitude, irectr.n
* Ice--Cover, Thickness, etc.

* Water .Mass Definition--Chlorophyll, Turti 4 t'

H Horizontal Surface Currents--Sceed, :,irecti-,n

Table 12 (reproduced from NCAA, !?,T able 1.1, p. 'V-2 ives

accuracy requirements, desired frequency of observation, etc.

It will be noted that for optimum utility the wind an! :e

measurements should be made every twelve hours with a trans-

mission delay not to exceed three hours; frequency of ctserva-

tion of the other items is one to three days.

The sensors required to make the measurements from which

the above oceanic characteristics can be derived are alsD

listed in NOAA, 1979 as follows:

(a) ALT - Altimeter

(b) SCAT - Scatterometer

(c) SI4R - Scanning Multifrequency Microi,:.aue
Radiometer

(d) CZCS - Modified Coastal Zone Color Scanner

(e) AV1FRR - Modified Avanced V"ery E H*ih Resolution
Radiometer

Comparison of these sensors with those listed in Tables _ID an

11 shows very little correlation. For example, the N0 . A-n

MOSS AVHBR's might be made compatible, but the needed _C-

resolution requires the OLS (Operational ilinescan Z-s-. ..

the DMSP Block 5D series and hence negates this possible

vergence.
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3. Convergence Possibilities

The DoD and NOAA program for a common operational METSAT

system, for the 1985 time period and beyond, while not yet

firm, is taking shape and is almost certain to become a definite

program to follow DMSP Block 5D-2 and NOAA-A to -G. Weather

forecasting for both military and civil purposes is an es-

tablished requirement, and METSATs of both geosynchronous (GOES)

and polar-orbiting types provide a powerful tool for meteorolo-

gists for more timely, versatile, accurate and long-range fore-

casts.

Oceanic satellites, on the other hand, still have more of

a scientific and developmental rather than operational flavor.

This is not to say that there are not important DoD missions

that an oceanic satellite such as NOSS, either as defined in

NOAA, 1979 or an improved version thereof, could perform, but

rather that characteristics of a tactical or strategic nature

seem to be lacking. Therefore, the plans presented in NOAA,

1979 for a "limited operational demonstration of satellite

sensing of oceanic phenomena" appear the logical course of

action. As experience is gained with a prototype NOSS, it

would be timely for DoD to consider whether its needs will be

met by further NOSS launchings or whether a separate program,

possibly classified, will be required.

Results of the Integrated Remote Sensing System Study

(IRSSS) being conducted by NASA, NOAA and DoD in response to

the directive from 0MB (OMB, 1979B) had not been released at the

time of this writing. It is believed unlikely, however, that

the study will recommend a single satellite program to handle

meteorological, oceanographic and land observation missions.

Possibly, a common spacecraft bus along the lines of the MMS

will be proposed that can be fitted with a mission-specific

complement of sensors.
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M. GENERAL COMMENTS

This limited study of the "opportunities and difficulties

in combining weather and oceanographic satellites" has reviewed

the military and civil programs and requirements for meteoro-

logical and oceanic data from polar-orbiting satellites. A

number of comments and suggestions pertinent to the task direc-

tive are contained in the body of this section and summarized

as follows:

1. There does not seem to be any insurmountable

obstacle to accomplishing complete standardi-

zation or convergence of spacecraft, sensors
or orbit for a joint DoD/NOAA METSAT system
for use in the 1985 and beyond time period.

A very preliminary program cost estimate indi-

cates that a cost saving between 5-15 percent

is possible for a 10-year program; however,

this should be verified by a detailed analysis.

2. Both the POOMSCB study and the requirements of

the DMSP Block 6 (DMSPO, 1978) contemplate that

the spacecraft bus and some, but not all, of

the sensors be standardized. A question arises
whether the effect of different sensor comple-

ments on spacecraft design and test costs has

been evaluated thoroughly enough in comparison

with the completely converged system suggested

in the preccding paragraph.

3. One of the major uncertainties in design of the

converged DMSP Block 6/NOAA 85 METSAT is whether

to make provision for future installation of the

LIDAR wind sensor, which according to DMSPO, 1978

is "presently under study--IOC 1987 to 1990."

Since this sensor will double the weight and

triple the wattage for all the other sensors

combined, its inclusion will have a major effect
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on the spacecraft bus, placement of sensors, etc.

An early decision as to the inclusion of this

sensor should be made.

4. Consideration of the means for transferring the

new METSAT from the Shuttle orbit should include

a reusable propulsion stage as well as expendable

perigee and apogee rocket motors. One such stage

might be a new reusable upper stage, possibly a

modification of the IUS, using a four-burn rocket

system with a liquid-propellant engine.

5. A major policy uncertainty may arise as the re-

sult of the GSFC Integrated Sensor study; the

result of this study may lead to a further effort

to converge meteorological, oceanographic and

LANDSAT missions into a single system. The out-

come of such an overall standardization could be

that the spacecraft would become so heavy and

loaded down with a multiplicity of sensors that

it would be neither operationally efficient nor

cost effective. Also, the special orbital and

equatorial crossing needs for the METSAT mission

could be compromised. Hence, a careful balance

must be struck between possible budgetary ad-

vantages of standardization and operational con-

siderations.

6. Because of wide differences in orbital character-

istics, measurements desired and hence sensor

complement, it does not appear either practicable

or efficient to converge the NOSS mission into

the future DMSP Block 6/NOAA 85 METSATs. However,

there is sufficient similarity in the two programs

that a common spacecraft bus, possibly along the

lines of the MMS, could be designed that would

provide a significant reduction in development costs.
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